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Abstract
Gross Anatomy is the study of human organs and tissues that are visible to the naked eye.
It is a keystone class intended for medical students, where they can gain hands-on knowledge of
human anatomy by dissecting each region of a human cadaver. The class consists of a lecture,
where the instructor will discuss a specific anatomical region, and a subsequent lab, where the
students will then dissect that region of the cadaver. The goal for lecture is to present an
anatomical region to the students with the intention of aiding them to identify the structures later
in lab. Most oral lectures are supplemented with still images from a slide show presentation.
Many structures within the body are relatively easy for new anatomists to visualize beneath the
skin in order to dissect it, e.g. extrinsic muscle groups. However, when it comes to especially
difficult topics to visualize, like the deep structures of the infratemporal fossa, students benefit
from supplementing their visualization by watching an animation.
An educational animation is intended to increase the likelihood of students having a
successful dissection, and thus retention of the anatomical region. The purpose of this paper is to
explore the process of creating an educational animation of the infratemporal fossa, with the
intention of it being used as a resource for studying. Specifically, this paper analyzes the need for
an animation for a successful dissection, the steps needed to create an animation, and how the
animation is intended to be used by students. Having the resource of an animation, students can
have more access to clear, accurate information regarding the subject matter they are studying,
this will help with retention of the topic being shown, which will be discussed in this thesis.
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Visual Communication & 2D Animation to Present Anatomical Forms
There are many methods that instructors may choose to disseminate knowledge to their
students. One method may be the use of visual communication. Visual communication is a
method of transmitting information to the viewer through graphics, diagrams, illustrations,
and/or animations. As discussed later in this thesis, these visuals are controlled by the artist by
means of some of the basic forms of art, i.e. the elements and principles of design, and the
quality of communication within a medical animation directly relates to the animators use of
these design principles. Animation is a type of visual communication and is the manipulation of
media to create the illusion of movement. With educational animation, such as presenting the
anatomical structures of the infratemporal fossa, the elements and principles of art within an
animation can be used by the artist to disseminate the knowledge being taught. It is through those
elements and principles within an animation that the visual communication is successful in
conveying information to the viewer.
In regard to an educational animation, there are many considerations the animator must
examine. One must analyze the need for the animation, identify the objectives, analyze the
audience that would be viewing it, and sequence major steps to achieve those objectives. The
animator must also have a thorough understanding of the topic by conducting research on the
scientific background. Finally, the animator can then create a plan for the visual communication
for the overall the body of work. All of these steps together create a streamlined path to
completing a classroom-ready animation.
This animation was created specifically for Dr. John Fleagle in the Department of
Anatomical Studies at Stony Brook University, but could be presented in any Gross Anatomy
class.
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Analyzing the Demand
Gross anatomy students are required to dissect and identify specific structures within the human
body in order to study them. When performing a dissection, the goal is to isolate specific
structures by methodically dissecting the cadaver with instruments such as scalpels, blunt
probes, scissors, hemostats, and forceps, with the intention of finding the specific structures. For
those who are new to dissection, it may be easy to overlook and accidentally cut important
structures. This is increasingly likely for small, hard-to-reach areas of the body.
An animation of the important structures of the human body offers a step-by-step guide to
help students visualize where the structures are located and therefore be able to dissect them in
the cadaver. In other words, if creating visual imagery within the students “mind’s eye” plays
some role in memory cognition (Jacobs, 2017) (Albers, 2013), then this animation is intended to
aid in the process of doing so. After viewing the animation created for this thesis, students will
have a visual tool to help identify the specific structures within the infratemporal fossa of the
cadaver, predict where these structures are, and decide how to approach these structures in order
to find them. If all of those parameters are met, then the student will have successfully completed
their dissection.
Project Objectives. There are many structures within the infratemporal fossa that should
be found. This animation presents the information as it is revealed in the required lab manual,
Grant’s Dissector, for Stony Brook University Gross Anatomy Students. It is a manual used as a
guide for the dissection, which gives detailed descriptions of what structures to find and how to
find them. The animation created for this thesis covers all the structures that are listed in Grant’s
Dissector under the infratemporal fossa topic, and generally follows the same dissection pattern.
After viewing the animation, students will be able to:
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Identify the boundaries and bony landmarks of the temporal and infratemporal
fossae
Identify the muscles of mastication, including the medial and lateral pterygoid
muscles, masseter, and temporalis muscle.
Identify the maxillary artery, its branches, corresponding foramina, and variations
of this artery.
Identify the mandibular division of the trigeminal nerve (V3) and its branches.
Identify the facial nerve, and its relationship to the infratemporal fossa.
Locate and identify these structures in the cadaver.
Audience and Prerequisites. This animation was specifically intended for the students
of Dr. Fleagle’s Gross Anatomy classes, however the intended viewers of this animation are also
any student enrolled in a Gross Anatomy class. Many graduate curricula require students to take
Gross Anatomy. Students enrolled in Gross Anatomy generally have extensive prerequisites in
the biological sciences. It is therefore assumed that students in Gross Anatomy have already had
successful exposure to general scientific topics, including some experience with anatomical
terms and anatomical directions. The audience, therefore, would have more knowledge than a
“lay-person” when it comes to scientific topics, although, given their experience level, they
would not be considered subject-matter experts.
Scientific Background and Relevance to the Audience. Like many anatomical terms,
the infratemporal fossa, or ITF, describes itself. The word “temporal” describes the temporal
region of the skull, the prefix “infra” means below, and the word “fossa” describes a shallow
depression. Thus, the infratemporal fossa is a shallow depression located below the temporal
region of the skull. It is small and irregularly shaped. It is located below the temporal fossa and
medial to the mandible (Keith L. Moore, 2015).
10

If a surgeon needs access to the infratemporal fossa, they do not have the option of
gaining access to it the way it is done in the cadaver lab. There are several different surgical
approaches to the IFT, and several reasons why they would need to have access it. Surgical
approaches to the ITF are modified according to specific clinical circumstances, like to remove a
tumor (Carrau, 2010) (Fisch, 1978). These approaches require an advanced understanding of the
anatomical structures below the skin. Likewise, dental students will need to know the anatomy
below the skin in order to know where the structures would be for each individual patient’s
mouth. One important structure is the inferior alveolar nerve and its location as it enters into the
mandibular foreman. Dental students must not only know the mandibular foremen’s location
within the IFT, but also understand the variations of the location in every one of their patients.
This recognition is required because the mandibular foramen varies from individual to
individual, and without a proper understanding of its anatomical location, dentists risk failing to
properly administer an anesthesia block (Nicholason, 1985). The area of the IFT is therefore an
important part of learning head and neck anatomy, especially for specialists that directly work
with mouths.
Existing Visualization. There exists a high abundance of visualizations of every
anatomical structure of the human body. The infratemporal fossa, is an important structure for
medicine and is in every anatomy atlas. Other visualizations of the infratemporal fossa may be
found on the websites, such as KenHub.com, Drawntomedicine.com, Osmosis.com,
KhanAcademy.com and others. This paper acknowledges the existence of those resourses, but
does not recognize their presence as an important factor for learning Gross Anatomy.
In most anatomy atlases, the IFT is illustrated by either showing all of the blood vessels
at once, or all of the nerves at once, as it might be seen in a perfectly dissected cadaver. This
method of visualization is a good resource for seeing all of the structures and their relationships
11

to other structures, but it leaves room for learning each structure individually, and as they are
discovered when dissecting for the first time. The painting style of Frank Netter of The Atlas of
Human Anatomy, emphasizes the anatomical structures visually to make them more visible for
the viewer. Markus Voll and Karl Weskler’s illustrations of Anatomy for Dental Medicine are
painstakingly detailed, almost flawless renditions of the structures with dark shadows and
realistic tones. Both realistic styles are what make them successful, however it is the presentation
of the structures that could be improved for the specific task of helping students with dissection.
In the Atlas of Human Anatomy, and Netter’s Head and Neck Anatomy for Dentistry
illustrated by Frank Netter, the visual aesthetics play an important role in successful
communication of the anatomy. Both textbooks first show a series of illustrations, each
illustration showcasing the muscles of mastication from superficial to deep, as well as a posterior
view of the medial and lateral pterygoids. Next, with all of the muscles dissected, all of the
nerves are shown with many leader lines and labels covering the entire page. Following the
nerves, illustrations of the maxillary artery and all of its branches are shown (with Netter’s Head
and Neck Anatomy showing an additional close-up and detailed illustration). Netter’s illustrations
are highly detailed, brightly colored, and elementally balanced. This means that each visual
element, i.e. line, shape, color, texture, form etc. together create a visual balance for the eye, and
one element does not significantly out-weigh the other. Each stroke is made painterly but
intentionally placed. Netter uses hue to delineate between different anatomical structures, and
contrast of those hues to then create the illusion of depth as well as a light source and texture for
an overall illusion of living tissue. Each structure is a little bit more emphasized than in real life
and is ideally placed in relation to the other structures that surround it. For example, the muscles
appear to be larger and “plumper”, and the nerves are thicker and conveniently placed in front of
the viewer so that they can be seen obviously.
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Overall, Netter’s illustrations make looking at a dissected head as aesthetically pleasing
to the eye as looking at a Norman Rockwell genre painting. Although Netter was active from the
1940’s through the 1990’s, this style of painting gives homage to the realism time period of the
1960’s. Like Rockwell, Netter used realism to illustrate. Aesthetics play a role in being able to
“read” an illustration because they can be interpreted as an idealistic view to real life, and
therefore the visual can be translated by the student into what the cadaver looks like.
In the texts, Atlas of Human Anatomy, and Anatomy for Dental Medicine illustrated by
Markus Voll and Karl Weskler, aesthetics still plays a role in visual communication. These
illustrations however are not made with bright hues and painterly strokes like Netter, rather with
clean contour lines, desaturated hues, and highly contrasting dark shadows. This method allows
the student to see less of an ideal version, compared to Netter’s illustrations, of what the
structures would look like in a cadaver, but with a more realistic light source and chiaroscuro
shadows. This style of illustration is more like the work of Michelangelo Caravaggio without the
dark backgrounds. This baroque style of illustration lends a sense of drama and awe to the
illustration, emotions that are appropriately devoted to the dissection of a human body.
Overall, it is assumed that most of the existing visualizations of the IFT that students will
be looking at will be from their atlases and lectures slides. These usually show all of the
structures at once, that is, all of the vessels, or all of the nerves of the IFT, making the visual
chaotic and hard to read. The style of realism is the common denominator that is important for
the scientific communication of the anatomy. Beyond realism, an animation that separates each
anatomical structure one by one, especially the arteries and nerves, allows students to focus on
one element at a time. Seeing each structure one at a time helps students remember the order of
branching, the path of each element, and its ultimate endpoint.
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Materials and Methods

After collecting research on the topic and establishing objectives for the project, the next
step was to plan the execution of the animation. This started with production of a storyboard. The
storyboard maps out what preliminary sketches are needed for the final animation. After the
completion of the storyboard, the animator can create the branding for the animation, which will
create consistency throughout the rest of the project. Then, by combining the storyboard, the
preliminary sketches, and the branding, the rough animation is ready to be constructed in the
animation program. The rough animation combines the preliminary digital paintings, the
narration, the background music, and the text/typography. Once the rough animation is compiled,
the preliminary sketches can be developed into final digital paintings. The final animation is the
further development and refinement of the rough animation. Following these steps will help with
streamlining the process of completing the project.
Most of the materials used in this animation were created digitally. The storyboard can be
made with traditional drawing materials, or digitally using a vector or raster program, whichever
the animator prefers. In this thesis, the vector program Adobe Illustrator was used to create a grid
on one storyboard, with superimposed sketches made in the raster program, Adobe Photoshop.
The preliminary sketches were then developed further into rough sketches also in Adobe
Photoshop. The branding page was created in Adobe InDesign. InDesign is a program that is
used for clean layouts for print and is great for the presentation of ideas that exhibit a lot of text.
The rough animation was created in Adobe After effects. After Effects is a program that can be
used to create animation with imported objects and keyframing to move objects within a
composition. The narration was recorded and edited in Adobe Audition, and the background
music was also edited to the narration in the same program.
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From start to finish, many Adobe programs were used in order to complete this project,
including: Adobe Illustrator CC, Adobe Photoshop CC, Adobe InDesign CC, Adobe After
Effects CC, Adobe Audition CC, and Adobe Media Encoder (to render the animation). By using
these programs, the artist can systematically streamline their animation including their
storyboard, rough sketches, preliminary sketches, rough animation, final sketches and final
animation.

Visual Communication
One way to execute the communication of the anatomical content is to create a 2D animation
with digital paintings. An animation helps with the presentation of anatomical structures because
unlike still images, each structure can be isolated and animated from its origin to its insertion or
termination. The digital painting within the 2D animation also helps with the presentation of
anatomical structures because it is reminiscent of what students are used to studying and can be
compared to the highly detailed paintings that are in their atlases.
Both traditional painting and digital paintings allow the artist to make use of many
elements and principles of art with the intention of focusing the viewers eye to specific locations
on the screen for an overall conveyance of information. Traditional painting has its own
warranted advantages, but for this project it was decided to make use of the advantages of digital
painting. Digital painting is efficient, with Adobe Photoshop, maximum productivity can be
achieved with an unlimited amount of “paint” and “paper”, paint doesn’t need to dry, and no
preparation needs to be done to create canvas. Digital painting is forgiving, as there is no “undo”
command in traditional painting. Lastly, a digital painting can be duplicated so that when one
image needs to be created again, it can be, and the artist can change just the needed
modifications.
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2D Animation. The form of an anatomical structure is a product of its function. In other
words, what an anatomical structure looks like may give a clue to what it does. It is challenging
to communicate how structures relate to their function, and teaching functional anatomy can be
enhanced by animated sequences that which illustrate the areas students find difficult to
understand (Habbal, 1995). Animation can not only enhance, but also make a connection of form
and function, by means of motion. For example, an animation that shows an artery in sequence
from its origin to its termination will show where the artery originates and what branches come
off of that artery as it travels to its final destination. This method also shows each surrounding
structure receiving oxygenated blood in sequence, as it would in the real human body. A still
image of the artery may depict its form, but it does not illustrate the artery’s function, which is to
sequentially deliver the blood to parts of the body. With movement, the forms exemplify its
function and position within the body and how it relates to the structures around it.
In order to facilitate the of knowledge presented in lecture to the minds of students, a
mental image or a “mind’s eye” should be developed, and motion can also play a role in doing
so. Staged sequences of anatomical structures provide a useful tool for students to study gross
anatomical topics (Rajendran, 1985). The sequenced structures, with the use of motion, aid in the
developing an active mental image of the presented anatomical topics. An animation provides
the visual to create the mental image of the anatomical structures. In other words, 2D animation
plays a role in creating a visual in the mind of the student, and it is that visual which helps
students perform a better dissection.
Digital Painting and Visual Organization. Digital painting is a technique of creating
artwork that is inspired by traditional techniques of painting and drawing. However, instead of a
paintbrush, paint, and paper, it is created with the combination of a stylus, tablet, and raster or
vector computer software. In this case, and in order to create the digital paintings, a 13” Wacom
16

Cintiq monitor and stylus-pro was used with the raster program Adobe Photoshop. The digital
painting can be created to be detailed enough that the viewer can identify anatomical structures,
but the elements within the painting can be visually manipulated to emphasize specific
structures. The emphasized structures focus the viewer’s eye to learning outcomes the lesson is
trying to convey. This intentional visual prioritization of each element on the page helps direct
the viewer’s eye to specific locations, and thus the animator controls the viewers attention. This
can also be seen as an advantage for digital painting over a photograph.
Creating the digital paintings is a step-by-step process. First, the preliminary sketches are
created. Then, the sketches are further developed with color and form. Once all of the basic form
is established, then the final digital paintings can be developed.
The preliminary sketches can be started directly in Photoshop or on traditional drawing
paper. Either way, the sketches are gestures, loose and messy with the intention of the artist
discovering the “best” lines on the page as they are being drawn. This is done by estimating what
would accurately depict the contours of the anatomical structure. Once the final lines are chosen,
they can be distinguished from the sketch. In order to delineate the “correct” lines from the rest
of the sketch, any other line is erased so that only the final lines are visible. These final lines are
chosen by carefully examining a reference directly from life, not a photograph or other
illustration, and in this instance, a medical-grade model of the human skull, and a cadaver was
used. The use of references from direct observation ensures the originality of the sketch, and also
ensures loyalty to the source which the drawing is intending to depict.
After the preliminary sketches are complete, the next step is to create the rough sketches.
This includes adding color and creating form. Before the colors are selected however, it is a good
idea to map out and decide what individual anatomical structures can be placed onto their own
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layer1 in Photoshop. To give each structure its own layer, the artist must use the pen tool2 to trace
each individual structure and turn that path (created by the pen tool) into a marquee3. Next, with
the marquee surrounding an individual structure, the artist should fill in the outlined structure
with the paint bucket tool4 with one color, the color can be the mid-tone of the object. Repeat this
step this for every structure, making sure each structure is on its own layer and labeled
accordingly, i.e. the maxillary artery is labeled “Maxillary Artery” and so on. The rough sketch
should also be on its own layer, the first layer, and can be used as a guide to complete the rest of
the painting.
Once each structure has its own layer, with a path converted to a marquee and filled in
with a hue of the structure, then the artist can develop each structure with color. First, the artist
must isolate the structure. There are several ways of editing each individual structure without
painting outside of the object. One way to do that is, in the layers panel, click the layer that is to
be edited, and then click the “lock transparent pixels” button

. This means that while this

layer is locked, no other pixel can be placed down where there is a transparent pixel (any area
where there is no color). Since the marquee tool was used previously to create the objects, there
will be no pixel outside of the object’s contour lines. Another way to edit each object is to
control-click the layer-to-be-edited on the layers panel, and it will automatically place a marquee
surrounding it. Both ways allow the artist to edit the object without having to worry about
painting outside the objects path.
1
The layers in a photoshop file are the separated objects within it. Layers allow the artist to individually
edit each object without affecting the other objects.
2
Unlike the Brush Tool or Pencil Tool, the Pen Tool does not “Draw” on the image. The Pen Tool creates
paths, which can be manipulated to create specific selections, masks, and objects.
3
A marquee in Adobe Photoshop only allows editing of a layer within the created bounding lines. The Pen
Tool can be used to create paths around an object that can be converted into a marquee.
4
The Paint Bucket Tool is used to fill in an area with pixels of one selected hue.
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Now the artist is ready to paint. The artist will decide on the structure’s overall mid-tone
color and fill the object completely with the paint bucket tool. The artist will then decide on the
object’s darkest-tone color (presumably the hue in shadow), and a lightest-tone color. The artist
can also choose a color that reflects a fill-light color. When choosing a color for bone, for
example, the challenge is to choose a mid-tone color, a dark color, and a light color that depicts
the local-color5 of bone, that does not have too much of one hue, i.e. bone cannot be “too red”,
“too green”, or “too blue” etc., while at the same time also avoiding desaturation by adding too
much black. Bone color needs to be the lightest value in the picture, and overall appear as
“white” and it is the artists discretion to achieve the ideal hue and value. The colors can be
selected in Photoshop by using the RGB color sliders on the color panel. For this thesis, an
Adobe plug-in6 for the colors panel, called Coolorus 2.5, was used to select the colors for every

Figure 1 – Bone colors chosen from left to right, dark-tone, mid-tone, and light-tone.

structure.
Coolorus 2.5 offers many seemingly minor improvements for digital painting workflow.
Unlike the provided color panel in photoshop, Coolorus 2.5 offers suggestions for color schemes
such as complimentary, tetradic, analogous schemes etc., the artist can easily use change the hue
they are using from RGB, to CMYK, and B/W, and there is also a convenient option to add in a
5

Local-Color is the natural color of an object in ordinary daylight, uninfluenced by the proximity of other
colors or light.
6
An Adobe plug-in is an add-on aimed at providing additional tasks outside of what Photoshop is capable
of performing alone.
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specific hex number when the artist knows what hex-color they want to use. These small
improvements help with better workflow.
The visual organization of each structure is important to keep in mind when creating the
form of every anatomical structure. In order to direct the viewers eye to specific structures, it is
important to develop a strong figure-ground relationship. Figure-ground principle aims to
distinguish between what is the “background” and what is the structure that is being showcased.
Figure-ground can be done by choosing specific color contrasts, which create an illusion of
depth. Contrast can also help differentiate lines, shape, colors, and forms (O’Connor, 2013). It
can also be used within single objects to create an illusion of depth. The more sophisticated
levels of contrast within a painting, the more the viewer can detect the figure-ground separation,
which helps the viewer focus on what the artist wishes to communicate and ultimately
contributes to legibility (O’Connor, 2013) (Johns EH, 1948).
In these digital paintings, the figure-ground principle is used within a single object i.e. the
skull. The “background” is the structures of the skull farther away, and the “foreground” would
be the structures closest to the viewer. For example, the structures of the skull that are closer to
the viewer would be the left zygomatic arch, and the structure farthest away would be the right

Figure 2 - Yellow arrows indicating the contrast between the two zygomatic arches to convey a "figure-ground" effect.
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zygomatic arch. In order to create depth, the left zygomatic arch would have the most contrast
and the most detail. Conversely, the right zygomatic arch would have the least contrast, and least
amount of detail. The amount of detail in between modulates between the two. The right
zygomatic arch can even fade a bit into the background for emphasis. Small amounts of
complimentary colors were also used to further develop the figure-ground contrast, e.g. more
yellow is used in the colors chosen for left zygomatic arch, and more violet was used in the
colors of the right zygomatic arch. All of these figure-ground techniques that were used in this
painting naturally focus the viewer’s eye on the specific area of emphasis, that is, the
Infratemporal Fossa.
Body of Work
When flying a plane one must have a destination. Likewise, in order to create a finished
animation, one must have a clear idea of what the project will be when it is complete. In this
case, the destination is a four-to-six-minute 2D animation made with digital paintings, that also
meets all of the project objectives.
After establishing the destination, the path to reach it starts with creating a meticulous
plan. Animation always starts with a storyboard. The storyboard provides a detailed overview of
what each scene of the animation will be. Once the storyboard is complete, every digital painting
that will be needed will be evident. The digital paintings start with preliminary sketches, sketches
that do not have committed lines and can be easily be added. The narration is written and
recorded, and then the background music is be selected. Next, the branding of the animation
must be selected and finalized; every color, font, and animation principle must comply with the
branding standards. Once every preliminary sketch is complete, all the audio is complete, and the
branding is complete, the animation can begin. It is a good idea to start animating before creating
finished paintings to see the animation in context. That way there is no need to fully commit to
21

those paintings just yet, just in case they need to be retouched. The storyboard will help with the
development of the animation, the preliminary sketches can be placed according to the
storyboard, and the timing and pacing of the sketches are determined by the audio. The motion
graphics within the animation are dictated by the branding. Once the rough animation is
complete, the final animation can begin. This includes fine tuning the animation itself, but also
finalizing the digital paintings. Once the final animation is complete, it can be exported and
rendered into its final .mp4 form.
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Storyboard. The storyboard for this animation starts with writing a “wish list” of the
desired illustrations including all their components . This “wish list” includes all of the bony
landmarks of the lateral skull, muscles of mastication, and all of the arteries and nerves listed in
the infratemporal fossa topic of Grant’s Dissector. After creating the line drawings, the content
of the storyboard is created by following what the dissection would be in the lab. While creating
the storyboard, it is a good idea to keep simplicity in mind so that the scope of the project doesn’t
become overly ambitious, but it should not be too simple either.

Figure 3 - Page one of the storyboard.
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Now, each scene must be created to showcase every one of the structures on the “wish
list”. First, the scene starts with a lateral skull with no other structures. A dotted line contours the
bony landmarks associated with the IFT and it is labeled. Then, the most superficial muscles of
mastication appear on the skull. Next, dotted lines follow cuts on the skull and muscles of the
skull to reveal the deeper structures underneath. From there, the skull tilts to expose a better
angle. Once all of the cuts are made, the artery can be shown entering the scene from stage right.
It extends superiorly and shows the first branches of the maxillary artery. Green text is shown to
describe the events within the storyboard but is not used as content for the animation.
The first branch extends onto the temporal region and is shown to terminate. Then the
maxillary artery is shown where it reveals itself in three parts, each part terminating a branch that
extends from it. After the arteries are shown, the nerves are then revealed in a similar fashion.
First, the arteries disappear, and the skull remains tilted. A large yellow nerve is seen peeking out
of the foramen ovale of the skull, which is labeled to be the mandibular division of the trigeminal
nerve (V3). Then each nerve is shown one by one and where it terminates. This storyboard
shows each structure from the “wish list” individually, and with consideration of where they
would be within the cadaver.
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As shown by the arrows in figures 4 and 5, it is revealed what and how many digital
paintings, and therefore separate digital files, will be needed for the animation which is as
follows: (1) Lateral Skull, (2) Lateral Skull without the Mandible (tilted), (3) Separate Lateral
Mandible (titled), (4) Temporalis mm., (5) Masseter mm., (6) Lateral and Medial Pterygoid mm.,
(7) Lateral and Medial Pterygoid mm. (tilted), (8) Arteries (tilted), (9) Nerves (tilted), (10) Tilted
skull with zygomatic arch cut. The coronal view was unfortunately taken out of the storyboard in
order to maintain a manageable workload. After indicating what digital paintings will be needed
from the storyboard, the Photoshop files are created separately and the sketches made for the
storyboard can be imported and further developed into preliminary drawings.

Figure 4 - Yellow arrows indicating what digital paintings
will be needed for the animation.

Figure 5 - Page two of the storyboard indicating what
digital paintings will be created for the animation.
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Preliminary Illustration. When researching an anatomical topic, it is beneficial to draw
the structures directly from life. In the cadaver lab one can appreciate many of the benefits from
viewing the cadaver from life, such as, the relationships between structures, the textures, the
relative sizes of the structures, etc. These sketches can then be used directly for the preliminary
sketches or in this case as references for better preliminary sketches made in Photoshop.

Figure 5 – Left, tilted skull line drawing from the storyboard. Right, preliminary drawing.

Each structure, every muscle, bone, artery, and nerve, within Photoshop has its own layer
and is edited individually. For simplicity, only three variations of each color were chosen. A midtone, a dark-tone, and a light-tone. Each structure was filled in with the paint bucket tool with the
mid-tone color. The imaginary light source should always be coming from the top left. With that
in mind and using a simple hard round pressure opacity and flow, the darks were first added to
the structure where the shadow would be. The opacity is always at 100%, and the flow was
adjusted from 0%-100% from the shortcuts on the computer keyboard. The pen pressure of the
stylus allows the user to be in control of how much color will be “dispensed” from the pen. Once
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satisfied with the placement of the darks, the lights should be added, but only as highlights. It is
not necessary to blend any of the colors yet. Since these are preliminary sketches, it is not a good
idea to fully commit to them entirely, as they may need to be adjusted later on in the animation.
Branding. An important factor to keep in mind when creating an animation is
consistency. Branding the animation is a way to keep the colors, typography, and elements
uniform throughout the
animation. Uniformity reduces
confusion and distractions.
Branding also helps streamline
the process of creating the
animation, so that there is no
need to look for colors and
type while animating, the
styles are selected before the
animation is started. Every
color, type, and object that
appears in this animation were
previously chosen. In this case,
the color pallet, the animation
“personality”, and the
typography were inspired by

Figure 6 - Branding page.

the Stony Brook University branding guidelines. The personality of an animation may refer to
the combination of aimed characteristics that the overall animation has. In this case, this
animation was aimed to have the following characteristics: “scholarly”, “educational”,
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“informational”, and “minimal.” Branding will show the client, and the animator, what to expect
when the animation is complete. Unless there is a dire need to change a color or font, the brand
should not change at all for the entirety of the project.
Audio and Narration. Background music and narration is an essential part of an
animation. It determines the pace of the animation, plays role in the overall mood, and the sound
assures the learner that the animation is still playing (educational videos often include long
pauses for the learner to review the material. The background music chosen for this animation
was purchased from a royalty-free website. While researching the best music for this animation,
it is kept in mind that the music is only meant to supplement the animation and should not
distract the viewer or evoke thoughts from the viewer that would divert their attention away from
the animation itself. A simple “corporate” background music is appropriate, that is neutral, or
would not otherwise elicit a specific emotion, such as, happy, sad, exciting, scary etc. If the
animation had to choose an emotion besides neutral, then the background music could potentially
elicit some emotion relating to “awe”, a feeling of reverential respect related to wonder, which is
an emotion that is common when being exposed to scientific topics. However, for the purpose of
this thesis it was decided that the most appropriate background music would set a mood that is in
line with the brand personality, i.e. “scholarly”, “educational” “informational”, and “minimal”.
Next, the narration is written. The script for the narration is written with the idea that it
will be a four-to-six-minute animation. It needs to include every structure that was written on the
wish list and needs to be written in a way that introduces each structure from superficial to deep.
Once the narration is written, it can be recorded in Adobe Audition. After recording,
every pause between each sentence of the narration was reduced to silence to remove any
breathing or distracting noises in the background. Next, it was enhanced with an equalizer7. An
7

An equalizer helps with editing the different frequencies of the sound within the recording.
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automatic “de-esser” was also used to remove harsh “s” sounds. No other effects were used in
this narration.
The recorded narration was then superimposed with the background music. This is where
the pace of the animation is finalized. This includes time-shifting the two tracks so that the
timing of the narration corresponds with peaks and valleys of the music. It is also important to
smoothly fade the background music at the appropriate times.
All of the components were brought together to create the sound for the animation. The
background music chosen with respect to the animation personality from the branding. The
narration was written, recorded, and then edited. And finally, the music and narration are
compiled together. After the narration with the background music is complete, it can be exported
into an .mp3 format to be imported into the rough animation.
Rough Animation. The rough animation is an assemblage of all that was recently
created. The sketches, the audio, and the branding, all come together to form what will
eventually be the final animation. Adobe After Effects is a program that uses compositions, key
framing, and pre-installed effects to create the 2D animation.
First, the initial composition is made. This composition will be the one that houses all
other future compositions. The resolution is set to 1080px by 720px, which is a standard pixel
ratio for YouTube or Vimeo. This ratio is a balance between an appropriate size for classroom
projectors, and a workable size for the computer used to view the animation. The frame rate is
29.97, the duration is set to 6-min, and the background color is chosen from the branding
composition which is hex code #E8E7E9.
The audio is what sets the pace for entire animation. By using the audio, every scene was
placed based on what the narration was saying. For example, the introduction starts with a list of
learning objectives. Each objective text is brought onto the scene at the time the narrator is
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saying it. This allows for the viewer to naturally watch the video with the right amount of time to
read the objectives. The music also sets the timing for when transitioning between scenes or
choosing when to display the next anatomical region.
Next the action safe zones are created in Adobe Illustrator. These are the zones which are
used as guidelines to keep elements of the animation within, in the event that the video will be

Figure 7 - Action safe zones shown with skull and text within those zones.
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watched on different physical screens. The action safe zone is a dotted line with the exact pixel
aspect ratio of many common screens. This Illustrator file is then imported into After Effects and
placed on top of the background and locked. From there, it is hidden or shown when needed.
Figure 8 shows how the files and text were placed within the action-safe zones.
Now the animation can begin. First, all of the preliminary sketches, and the audio was
imported into the project. The first composition was created to house all of the text and labels.
Another composition was created for the muscles of mastication, another one for the arteries, and
lastly for the nerves. Each of these compositions was then placed into the main composition. The
first scene is an introduction to what will be presented throughout the animation. It is the most
text-heavy section as it provides the learning objectives for the students watching it. In the rough
animation, the brand standards are be implemented as shown in figure 7 as well as the
preliminary sketch, and the general layout of what the rest of the animation will be.

Figure 8 - Screenshot of examples of compositions within the After Effects file.

The next scene is the introduction to the bony landmarks of the IFT. The skull at the
beginning of the animation fades into the tilted skull with no mandible in the next scene. The
mandible was removed, because its ramus and the coronoid and condylar processes block the

Figure 9 - Tilted skull preliminary illustration within the rough animation showcasing the IFT.
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view of the IFT. This transition focuses the viewer’s eye to the IFT region. All of the bony
landmarks are correspondingly labeled, outlined with a plane dotted line. The skull is also noted
to be within the conventional action safe zones.
Next, the titled skull fades back to the lateral position, but with the most superficial
muscles of mastication. The pen tool was used to create dotted lines that are introduced to
indicate where the cuts would be in the cadaver. As the lines cut through the bone or muscle, the
next preliminary drawing is shown with the deeper muscle underneath. This is a progression that
is repeated to create the illusion of movement from one scene to the next.

Figure 10 - Preliminary sketches within the rough animation showcasing the muscles of mastication.

32

Finally, the next scene presents the skull back to the titled position, where the arteries are
shown. A CC linear wipe effect was used to slowly reveal the carotid artery slowly moving up
toward the skull. Each artery as it is revealed is labeled with its corresponding artery name.
Lastly, the final scene shows the nerves with the exact same technique used to reveal the
arteries.
Motion Graphics. The final animation includes more sophisticated graphic movements.
These include the movement of the typography of the introduction, the labels that exists
throughout the animation at the top, and more developed animation in the dotted lines.
The animation with motion graphics completely transforms the text in the animation. In
After Effects, when keying the movement of typography, it is important to factor in the speed for
which the type moves across the screen. Depending on the scene, an “easy-ease”, “easy-in”, or
“easy-out” is most appropriate for motion graphics. After keying the objects, After Effects also
has a graph editor that can allow even more specific editing of the speed. This plays homage to
the “slow in and slow out” principle of animation. “Slow-in and slow-out” creates a realistic
effect of movement (Johnston, 1981).
The labels at the top of the screen were added to the animation to show progression and
are present throughout the entire animation. This is especially helpful because of the length of
the animation being six minutes long, which is typically longer than most animations that
students would see on any given day. The bar also allows the viewer to be more at ease in
knowing what to expect. Anything that is added in After Effects needs to be edited with motion
graphics principles. This includes the specific labels for the anatomical structures, the leader
lines from the text to the structures, and the dotted lines that surround the structures. The labels
appear one at a time and lead the viewers eye exactly to the anatomical location that it is labeling
with easy-ease feature and motion-blur turned on. At the end of the leader line is a circle that
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pops up when the leader line terminates. This “pop” effect is created by the circles. They are
reminiscent of the squash-and-stretch principle of animation, in which the size of the circle starts
off small, gets immediately larger than it would normally, then shrinks back to normal size.
Squash-and-stretch gives a sense of weight and flexibility to objects and is arguably the most
important principle of animation (Johnston, 1981). Motion graphics are the perfect elements for
2D animations. In this instance, it is used subtly enough to create an aesthetically pleasing
composition, while not too distracting. To the untrained eye, motion graphics can be overlooked,
which in this case is acceptable given the purposeful neutrality of this educational-type visual.
However, without motion graphic elements to a 2D animation, it would be noticeably banal and
seemingly unnatural.
Final Digital Paintings. When it’s time to finalize the digital paintings, the preliminary
sketches make it easy to do so because they are already halfway complete. All that is needed now
is to use a softer brush and smooth out the modulations from darks to light. This is also where it
is necessary to add little details, like bone texture. The preliminary sketches have created the
general sense of depth, and the final paintings are intended to create a sense of realism. Lastly, all

Figure 11 - Left, the preliminary illustration. Right, the final illustration.
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of the final illustrations’ saturation were increased, which greatly improved the “muddy”
appearance that was in the preliminary illustrations.
Starting with the skull, the dark outline around the skull is subdued, light and texture is
added to the fissures, the teeth are further developed with light, color, and texture, as well as the
inferior skull. One important improvement is in the inferior orbital fissure on the tilted skull. The
orbit in the final illustration is made to show light hitting the orbit showing some light coming
through the fissure as it would in a real skull. This improvement shows the relationship of the
inferior orbital fissure and the infratemporal fossa by showing the maxillary artery terminate into
the infraorbital artery.
The arteries and nerves were also improved. The arteries were re-drawn to look like they
are receding into the skull with natural curves. They were given more depth by adding light and
shadow.
Final Animation. After the motion graphics and the final digital paintings are
implemented into the rough animation, the final animation begins to emerge. All that is left to do
is the final editing. That is, if all has gone perfectly well up until now and nothing has gone
wrong in the meantime and every scene accurately projects the objectives for this animation.
Unfortunately, this was not the case, and like most creative work there is plenty of room to
improve even at the end of the project. During the production of the final animation the animator
is able to finally see if the animation is meeting the project objectives. If it is not, action must be
taken in order to make sure that the objectives are properly met. Fortunately, since much
preparation was made before the final animation, it is not too much of a disruption of workflow
to correct any needed mistakes.
In the scene describing the muscles of mastication, there was not enough imagery to
show the origins of the medial pterygoid muscles. This meant that another digital painting of the
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skull and medial and lateral pterygoid muscles must be created and implemented in order to
further show the correct origin and insertion. The medial surface of the lateral pterygoid plate
can best be shown inferiorly. Thus, a last-minute inferior skull was added to the final animation.

Figure 12 - Added final illustration to the final animation.

In the arteries scene, shown in figure 13, the deep temporal arteries were originally
shown to be cut just above the zygomatic region. It seemed to be a better choice to have its
branches terminating deep to the temporalis muscle for which they are named. This improvement
required another digital painting of a temporalis muscle. Other improvements called for adding
more digital paintings, such as a parotid gland and an additional mandible to the titled skull,
refining the muscles so that they look more naturally connected to bone, adjusting the
typography so that it can be better seen over the paintings, and further developing the maxillary
artery, so that it is depicted in three parts like most textbooks. It is all of those improvements that
make up the final animation portion of creating this thesis.
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Figure 13 - Final Illustration changes in text.
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Results and Discussion

This project resulted in an animation that could potentially be used in classrooms, on
student portals for use outside of the classroom, and during lab dissection. During class, the
professor may explain the structures of the infratemporal fossa how she or he would normally,
except now they can also provide a short animation to supplement their lecture and to further
improve the student’s retention of the information for lab. It can be put onto the online portals
that students use to access class materials, so they can watch the video before class. And the
video can be shown during a dissection to aid while dissecting their cadaver.
Animation is the manipulation of media to create the illusion of movement. Movement is
a powerful visualization tool which enhances the content that the animation is meant to
communicate and content that would otherwise be still images. When it comes to educational
animation, such as presenting the anatomical structures of the infratemporal fossa, the movement
within the animation can be used as a tool to help students develop a “mind’s eye” for the
structures that are hard to reach and must predict where the structures would be in their
dissection. After the animator analyzes the need for the animation, presents clear objectives,
classifies the goal and major steps to achieve that goal, the animator can execute the plan to
creating such an animation, one that relies heavily on the elements and principles of art as well as
animation and takes into consideration the improvements that may be needed.

38

General References
1. Baker, E. W. (2010). Anatomy for Dental Medicine, 2nd Edition. New York, NY: Thieme.
2. Detton, A. J. (2017). Grant's Dissector. Wolter Kluwer.
3. Keith L. Moore, A. M. (2015). Moore Essential Clinical Anatomy, 5th Edition. Wolters
Kluwer.
4. Niel Scott, N. (2017). Netter's Head and Neck Anatomy for Dentistry (3rd Edition).
Philadelphia, PA: Elsevier.
5. Netter, F. Atlas of Human Anatomy. (2014). Philadelphia, PA: Elsevier.

39

Works Cited
1.

Albers, A. M., Kok, P., Toni, I., Dijkerman, H. C., & de Lange, F. P. (2013). Shared
Representations for Working Memory and Mental Imagery in Early Visual Cortex.
Current Biology, 23(15), 1427–1431. (doi:10.1016/j.cub.2013.05.065).

2. Carrau, R. L., Kassam, A. B., & Arriaga, M. A. (2010). Anterior and Subtemporal
Approaches to the Infratemporal Fossa. Otologic Surgery, 649-665.
(doi:10.1016/b978-1-4160-4665-3.00054-8).
3. Fisch, U. (1978). Infratemporal fossa approach to tumours of the temporal bone and base
of the skull. The Journal of Laryngology & Otology, 92(11), 949–967.
(doi:10.1017/s0022215100086382).
4. Habbal, O. A., & Harris, P. F. (1995). Teaching of Human Anatomy: A Role for
Computer Animation. Journal of Visual Communication in Medicine, 18(2), 69–73.
(doi:10.3109/17453059509022997).
5. Jacobs, C., Schwarzkopf, D. S., & Silvanto, J. (2017). Visual Working Memory
Performance in Aphantasia. Cortex. 105, 61–73 (doi:10.1016/j.cortex.2017.10.014).
6. Johns, E. H., & Sumner, F. C. (1948). Relation of the Brightness Differences of Colors to
Their Apparent Distances. The Journal of Psychology, 26(1), 25–29.
(doi:10.1080/00223980.1948.9917393)
7. Johnston, F. T. (1981). The Illusion of Life: Disney Animation. United States: Abbeville
Press.
8. Nicholason, M. (1985). A Study of the Mandibular Foramen in the Adult Human
Mandible. The Anatomical Record, 110-112. (doi:10.1002/ar.1092120116)
9. O’Connor, Z. (2013). Colour, Contrast and Gestalt Theories of Perception: The Impact in
Contemporary Visual Communications Design. Color Research & Application, 40(1),
85–92. (doi:10.1002/col.21858).
10. Rajendran, K. (1985). Model based transparencies for gross anatomical teaching. Journal
of Audiovisual Media in Medicine, 8(4), 124–126. (doi:10.3109/17453058509155994).

40

Appendix
Software Used
•

Adobe Photoshop CC

•

Coolorus 2 Adobe Photoshop plug-in.

•

Adobe Illustrator CC

•

Adobe After Effects CC

•

Adobe Media Encoder CC

•

Adobe Audition CC

Resources Used
•

https://sci-hub.tw/ (Open access to research papers).

•

Medical-grade skull replica.

•

Cadaver lab located at Stony Brook University Renaissance School of Medicine.
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